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Llff
IN THf
GRfAT
SALT LAlf
Frederick J. Post
Ever since Jim Bridger first saw
the Great Salt Lake and reported it to
be an arm of the Pacific Ocean, man
has been interested in the nature of
that great salty body of water.
Bridger was not the first human to
see the lake of course. Man had migrated south from what is now
Canada thousands of years before
to a lake like the present one or
perhaps a fresh water lake hundreds
of times larger, possibly as large as
present day Lake Michigan. This
earlier fresh water lake has been
called Lake Bonneville after one of
the early explorers of the valley.

Great Salt Lake's northern end
has water the c%r of light red
wine due to heavy concentration
of red bacteria.

indicated in Figure 1, the area of
Logan and the USU campus (also
the sites of the other cities mentioned above and the universities of
the state) have been under deep
water a number of times. Anyone
interested in this historic background should read "The Great Salt
Lake," Guidebook to the Geology of
Utah No. 20, Utah Geological Society, University of Utah, 1966, for
further information.

But Lake Bonneville, large and
fresh, has alternated numerous
times with Great Salt Lake, small
and salty, over the last 100,000
years with three major rises and
falls in the last 20,000 years. Evidence of some of these can still be
seen on the mountain sides above
Our present lake is of consideraLogan, Ogden, Salt Lake City, and ble interest since it is apparently on
Provo and are the origin of the the rise again and the placing of a
"benches" along the mountains. As fill causeway across the lake from
June 1975

Promontory Point to Lakeside has
separated the lake into two distinct
bodies of water. Most (95 percent) of
the freshwater flow is into the south
part of the lake, while there is a net
loss of water by evaporation in the
north end. Replacement comes by a
flow of water from the south end of
the lake to the north, carrying with
it salt and organic matter. The north
end has thus become increasingly
salty - about twice as salty as the
south. The north end salt level is at
or near saturation for sodium
chloride so that this chemical precipitates out on the bottom of the
lake in deposits estimated to be sev-
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eral feet thick in some places. An
abbreviated list of chemicals found
in north-end water and their concentrations is given in Table 1.
The high level of salts, in particular sodium chloride, creates a rather
harsh environment for living organisms and at one time the lake
was thought to be devoid of life. Organisms do live in the brines of

Great Salt Lake, however, but only a
few types are able to survive and
reproduce there. Table 2 is a list of
the most common organisms found
in the north arm of the lake. The
south arm, being much less saline,
has a much greater diversity of life
forms but the principle organisms
are the same. The remainder of this
article will be r'estricted to the biology of the lake north of the railroad
causeway.

Table 1. Mineral Composition of the North Arm of Great Salt Lake
Chemical

Concentration

Boron
Calcium
Magnesium
Lithium
Potassium
Sodium
Sulfate
Chloride
Fluoride
Carbonate
Bicarbonate
Oxygen
Nitrate and Nitrite
Ammonia
Total Phosphate
Total Solids
Specific gravity (field)
pH

13
312
11,124
66
6,690
105,386
27,000
181,000
16
270
454
0.1-1 .7

o

mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I
mg/I

1Jg/1

20 11g/1
500 1Jg/1
332,480 mg/I
1.220
7.7

Data from August-November 1974 samples except Calcium
and Lithium from other sources.

Table 2. Organisms of North Arm of Great Salt Lake

At one time the lake was thought
to be devoid of life.

Organism
Scientific Name

Common Name

Dunaliella salina
D. viridis
Ephydra gracalis
Artemia salina
Ha/obacterium - Halococcus

red alga
green alga
brine fly
brine shrimp
halophilic bacteria
bacterial viruses

a Two other species of brine fly are also reported from the lake.
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Migration of Nutrients

Not only does salt migrate to the
north end, but organic matter in the
form of bacteria, shrimp, protein,
and other materials do also. In addition, the inorganic chemicals from
which organic matter is made, such
as ammonia, carbon dioxide, phosphate, and others, also move north
through the causeway. All of these
materials make a gigantic bowl of
nutrient soup available for any organisms capable of living there.
Those that do, have a voracious appetite with little competit}on from
other life forms.
The primary producers of the
lake, the organisms converting sunlight and carbon dioxide into organic matter, are the green and red
forms of the algal genus Dunaliella.
The most common plankton (open
water) form is the red species while
the green species is most common
on the surface of bits of wood, rocks,
and so forth. Figure 2 is a photomicrograph of D. viridis, the green
form. Both of these organisms are
believed to convert much of the carbon dioxide into a chemical called
glycerol (glycerine) inside the cell
which prevents salt from entering.
This glycerol also serves as a high
calorie nutrient for the principle
animal browser of the lake, the brine
shrimp, Figure 3.

dead shrimp decompose very
slowly.
Red Shrimp

Several interesting things have
been observed about the brine
shrimp. The vast majority are a brilliant red color. This may be due to
eating the red alga or to the production of a red hemoglobin-type pigment because the oxygen level of
the water is so low. The shrimp also
contain intracellular bacterial symbionts in the tissue around the gut.
Their function is totally unknown
but could supply vitamins which
may be in short supply on a diet
limited to only one or two algal
types.
The brine fly also lives in the
north end of the lake as a larval stage
which feeds on dead brine shrimp
and possibly early blooms of the
algae. The larval stage enters a dormant state (pupal) and later the
adult emerges. Heavy swarms of
adult brine flies inhabit the
shoreline of the north end early in
the summer. The role of the larvae
in the biology of the lake is being
studied.

Very little is known about the
The last major organismal group fundamental biology of brines
is the bacteria. The bacteria repressuch as the Great Salt Lake.
ent the decomposers, living on the
remains of brine flies, shrimp, and
in close proximity to the algae. The
The brine shrimp is known all major bacterial concentration is in
over the world from almost any intimate association with the algae
water with salt concentrations on rocks, tar balls, wood and so on,
above that of sea water. The princi- where they apparently live on orpal food for the shrimp in the north ganic matter produced by the algae.
arm of the lake is the alga. Brine The most striking visible evidence
shrimp become so thick in parts of ofthe bacteria, however, is the color
the north end during August that of the water in the north end of the
the water appears alive with them. lake which is red, about that of a
During the latter part of the sum- light red wine. The color is very apmer, the shrimp lay immense mas- parent when flying over the lake or
ses of eggs which float on the sur- standing on the shore.
face in rafts many feet in diameter.
How is it that bacteria color the
When they die, wave action washes
the dead shrimp into masses hun- water? The number of bacteria by
dreds of yards long, by many yards direct miscroscopic counting techwide and up to two feet deep. These niques exceeds 50,000,000 per ml of

June 1975
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water. This is more than enough to
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intensity, through the winter
months.
Virus parasites of the bacteria also
live in the lake. These are presently
being concentrated and their
characteristics determined.
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Figure 1.
Variations in the level of Lake Bonneville - Great Salt
Lake for the last 20,000 years.

Figure 2.

Photomicrograph of

D. viridis, the green form.

Figure 3.
The brine shrimp,
principal animal browser of the
lake.
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Our interest in the biota of Great
Salt Lake covers many areas. First,
as an unusual but not uncommon
system, very little is known about
the fundamental biology of 'such
brines. Second, the lake is a terminal lake at the end of an extremely
large watershed on which a large
human population lives.
All the human, industrial, and agricultural wastes produced by this
population, about 2,000,000 people, ultimately enter the lake in the
form of organic matter or the chemical elements which make up organic matter and eventually winds
up in the north end to go no farther.
The immense population of bacteria, algae, shrimp , and brine flies
suggests that organic matter is accumulating as time goes by. We
would like to know what kinds of
loss (organic or inorganic) occur
(that is, escape the lake) and at what
rates materials are cycled within the
lake. These chemical studies as well
as biological studies are now going
on in our laboratories. What is
learned about the chemistry and
biology of the lake may help us to
predict the changes that will occur
or what man's effect on the lake will
be if it rises or falls from its present
level. This would have significant
impact on the economic development of the north end in particular.
UTAH SCIENCE

The suggestion by U.S. Senator versity would help tourists to better
Frank Moss to build a road from understand this most interesting
Ogden to Promontory Point and up environment.
the eastern side of the north arm of
the lake to Golden Spike monument
Research reported here was supported by
is an excellent idea and would per- the Office of Water Resources Research Project A-024 and Utah State University Faculty
mit the general public to see and Research Project OSBA-203-1 .
experience that part of Great Salt
Lake which is immensely interesting, little known, and one of the sal- Frederick J . Post is Associate Professor
tiest bodies of water on the earth. of Biology, College of Science, USU.
On-going studies at Utah State Uni-

Reference
Zahl, P.A. Life in a 'Dead' Sea - Great Salt
Lake" National Geographic 132 (2):252-263.
Aug . 1967.

GEOLOGIC ITISIGI1TS fITOrI flTI EflITTTI .OITDITITIG SflTELLITE
Arthur T. Anderson, Alan F.
Smith *
Data from a NASA Satellite
(LANDSA T -1, launched in July
1972) are providing scientists
around the world with new perspectives about the earth and her
resources. In Utah, LANDSATsupplied images are allowing scientists to identify new or learn more
about known geologic features of
the Great Salt Lake area (Figure 1).
Ultimately , such insights seem
likely to promote Utah's economic
growth.
Of Images and Maps

resent faults, fractures or joint systems in the bedrock material, and
their presence could point to
mineralized zones , groundwater
sources, or geologically hazardous
areas. Geologists conducting local
and regional mineral, ground water,
or structural surveys are therefore vitally interested in analyzing the
number, distribution, and magnitude of these features. Unfortunately many of these lineaments
may not be visible to an observer on
the ground, but they can readily
be identified on LANDSAT imagery.
LANDSAT records its images
from an altitude of 920 km (570
miles) in a near-polar orbit. The
satellite circles the earth every 103
minutes and completes 14 orbits per
day. Any given point on the earth's
surface can thus be imaged by
LANDSAT-1 every 18 days, with
each LANDSAT scene covering an
area of 13,000 square miles.

The earth's surface is characterized by straight to slightly curved
features (termed lineaments by
geologists) that vary in length from
hundreds of feet to hundreds of
miles. These lineaments can be recognized as distinct lines between
tonally contrasted surfaces or indirectly as alignments of topography. *Acknowledgement: To Ms. Lois Cox of Utah
streams. etc. Lineaments may rep- Science for her revision of this article.

June 1975

LANDSAT - supplied images
are aI/owing scientists to identify
and learn more about geologic
features of the Great Salt Lake.
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Radiances from the earth's surface are detected by the satellite's
sensors, converted to electronic
signals, transmitted to ground stations, and eventually reconverted
by video signals to black and white
images at NASA/Goddard Space
Flight Center in Greenbelt, Maryland .
The geological lineaments that
show up on such images are typically considered to be surface manifestations of vertical to nearvertical zones of subsurface fractures or fau lts. Mead L. Jensen, a
LANDSA T -1 principal investigator
at the University of Utah, has found
that the continuity of a lineament
"is frequently traceable (on a satellite image) through ranges and across adjoining sedimentary basins
where changes in drainage , erosion
patterns, soil cover, or vegetation
suggest that the basin sediments are
extremely sensitive to underlying
structure" (Jensen , 1973a).
Geological Mapping

Geo logical interpretations of
LANDS A T -1 imagery that have
considered more than lineaments
have compared favorably with published geological maps. Geologists
are convinced that satellite data can
be profitably used for geological
mapping. The primary data for the
preliminary comparisons and
evaluations relative to Utah came
from LANDSAT black and white
and color transparencies and prints
acquired in September and Decem ber 1972 , at scales from
1:500,000 to 1:1 ,000 ,000.
Lineaments and Snow Cover

The LANDSAT ability to image Figure 1.
lineament patterns was greatly enhanced by a December snow fall in
the Salt Lake area in 1972. The lineaments within a portion of both the
September 12 and December 11,
1972, LANDSAT images of the
Wasatch Mountain area were de-
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Two image mosaics of the Great Salt Lake area showing
the major landform and cultural features. LAN DSAT
images 1051-17414 and 20 of September 12, 1972.

UTAH SCIENCE

ments, the LANDSAT images were
analyzed for their geologic correlations with the mineral districts in
the Great Salt Lake area having
greater than 1,000 tons production
(Figure 2). The purpose was to:
identify possible structural trends
of known mineral locations and determine
where
LANDSA TThe geological lineaments on the identified extensions of other fracimagery were then compare w·hh tures might indicate prospective
the faults plotted on a geological mining localities.
map published by the US Geological Survey (1972). Not only did
The results of the analysis remany of the observed lineaments vealed that the Bingham area (Figcoincide with the location of known ure 2) has major lineament trends in
faults, but additional, lesser expres- a north-northeast-southwest direcsed faults may have been seen for tion, while the Big Cottonwood disthe first time. Extensive field sur- trict may extend both east and
veys could verify or disprove the northwest of its known extent. Both
existence of these possible faults Park City and Big Cottonwood apand lead to an updating of geologi- pear to be located on the same linear
fracture zone. Similar conclusions
cal maps.
can be drawn for lineament extensions along American Fork that apEconomic Application
pear to connect with Big CottonOne of the most important poten- wood. The Stockton, Ophir, and
tial economic applications of a Camp Floyd mining areas trend in a
geological lineament map is in northeast-southwest direction, and
identifying prospective mineral all of these may be associated with a
deposits. In a complex geological lineament zone.
setting such as the Great Salt Lake
Similar analyses of all Utah minarea, ore deposits are particularly
likely to occur along or at intersec- ing districts, plus on-the-ground
tions of zones of weakness in the verification of imaged lineaments,
crustal material. Fractures, faults, could lead to an identification of
and joints are indicative of such mining deposits with economic pozones, and the zones therefore may tential. LANDSAT data can be used
be seen in a LANDSAT image as in this manner to shorten the time
lineaments, even when they are not involved in selecting possible mining sites.
visible at or near ground level.

lineated and compared (Figure 2).
The comparison demonstrated the
value of repetitive imagery and particularly of snow-covered imagery
for structural analysis. In fact, detection of major lineaments was increased by approximately 30 percent in the winter scene.

The mining districts of the Great
Salt Lake include diverse mineral
deposits. The major mineralization,
however, is characteristically associated with igneous stocks that
intrude as vein alterations into bedded formations along zones of
weakness. The primary oxides of
lead, zinc, copper, and silver of the
Bingham, Stockton, and Ophir mining areas are genetically related to
this stock. Since the faults that control mineral distribution often show
in the LANDSAT imagery as linea-
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Time and Cost Considerations
Within the Great Salt Lake area ,
LANDSAT-l Multispectral Scanner
System imagery has already proved
its usefulness by the delineation
and analysis of regional geological
features in much less time than
would have been possible with
conventional photogeologic techniques. The conventional approach
would require aerial photography,
photo mosaics, airborne geophysical and gravity data along with

LANDSA T imagery permits
recognition of large geological
features, trends, and patterns
that are often obscured by
detail in other types of mapping.
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Figure 2.

SEPTEMBER 12, 1972

LlNEARS

DECEMBER 11, 1972

MINING AREAS

Comparative linear analysis and correlation of major metallic mining areas of the Wasatch
Range area using both snow-free (September) and snow-covered (December) images. The
linear analysis includes the September (solid lines) and December (dash lines) while the
mining areas contain a composite of both. Mining areas of this region and their mineral
resource include: (1) Stockton (Cu), (2) Ophir(Cu, Pb Zn, Ag), (3) Bingham (Cu, Pb, Zn, Ag), (4)
Camp Floyd (Pb, Zn, Ag), (5) Little Cottonwood, (6) American Fork, (7) Big Cottonwood, and (8)
Park City contain (Cu, Pb, Zn, Ag).

ground verifications. LANDSAT
imagery permits recognition of
large geological features, trends,
and patterns that are often obscured
by detail at the scale of aerial photography or conventional geologic
field mapping. Further, although no
cost-benefit estimates can be made
for the Salt Lake study, estimates of
cost savings of approximately 10 to
lover conventional reconnaissance
techniques have been stated by one
geological investigator (Liggett
1974) conducting a similar but more
in-depth regional mineral exploration project using LANDSAT imagery.
References
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UTAH'S HORSES:
A Versatile Resource
J'Wayne McArthur
You can't drive very far along any
road in Utah without seeing horses.
Many of them are used in herding
cattle and sheep , to cut hay in wet
meadows when a tractor bogs
down, or in feeding cattle from a
wagon. With a trained team and a
wagon, one man can do a feeding
job that generally would need two,
using a tractor. If the energy crisis
worsens and gasoline prices continue to increase, horses may soon
playa more important part in
Utah's agricultural production.
In the more urban areas of the
state, however, thousands of people
from all walks of life derive many
hours of enjoyment from horses.
Many a young boy or girl has
June 1975

learned invaluable lessons about responsibility, patience, and self control from a pony or horse. And more
than a few businessmen have found
relief from the tensions of a miserable day at the office on the back of a
horse. Some people who, for one
reason or another are not able to ride
anymore, still have horses because
they find it relaxing to work around
them. Others, although somtimes
reluctant to admit it, derive enjoyment out of the inherent relationship with nature in feeding and caring for their horses.
The mental therapy provided by
horses !ras never been studied, but
the results of our recent study of
Utah's horse population indicate

If the energy crisis worsens and
gasoline prices continue to
increase, horses may soon play
a more important part in Utah's
ag ricultural production.
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Horse Census

that many owners rank this value
highly.
Horses also playa significant role
in Utah's recreation industry.
Throughout the summer rodeos
and horse shows are scheduled
somew here in the sta te almost every
weekend and horse races are run
periodically. During fair time, one
can see a horse show, races, and a
rodeo all in the same day.

To find out more about horse
numbers and their uses in Utah, the
State Department of Agriculture
asked USU personnel to conduct a
survey. As a result, on August 1,
1974 15,162 questionnaires were
mailed to a representative list of
horse owners in the State. About 41
percent were returned. Of these 93
percent were usable. The remaining

7 percent reported horses in another
state or that no horses were owned
now. The indicated numbers of
horses and foals in Utah in 1973
were first summarized by counties.
These data were then expanded by
statistical methods to represent the
total 1973 horse and foal population
for each county (Table 1).

From the study results, we estimated that there were 132,743

Table 1. ESTIMATED NUMBER OF HORSES OWNED AND FOALS BORN IN UTAH BY COUNTY, 1973

Foals Born 1973

County
Beaver
Box Elder
Cache
Carbon
Daggett
Davis
Duchesne
Emery
Garfield
Grand
Iron
Juab
Kane
Millard
Morgan
Piute
Rich
Salt Lake
San Juan
Sanpete
Sevier
Summit
Tooele
Uintah
Utah
Wasatch
Washington
Wayne
Weber
State Total

52

Foals

Owners
Reporting

Horses Owned 1973

Horses

Owners
Reporting

Foals as a
Percent of
Horses

74
993
813
166
27
1,655
518
236
143
114
222
90
57
235
123
73
128
1,204
110
405
408
188
274
440
2,091
226
264
99
1,650

52
537
534
127
19
934
262
135
74
48
143
68
41
184
75
65
73
679
41
211
175
151
161
213
1,248
122
161
86
1,051

1,044
9,440
8,169
2,216
380
14,601
4,521
2,607
1,566
1,096
2,150
1,110
927
2,945
2,064
725
1,571
10,819
1,007
3,866
3,535
2,142
3,048
4,262
19,101
2,439
3,005
997
16,823

320
2,139
2,763
592
110
4,244
1,073
742
415
138
712
417
209
957
640
211
260
3,201
177
980
1,035
687
949
971
5,646
568
941
304
4,915

7.1
10.5
10.0
7.5
7.1
11.3
11.4
9.0
9.1
10.4
10.3
8.1
6.1
8.0
6.0
10.1
8.1
11.1
10.9
10.5
11.5
8.8
9.0
10.3
10.9
9.3
8.8
9.9
9.8

12,915

7,622

126,684

36,178

10.2
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Box Elder

10,181

Tooele

3,037
Duchesne

Uintah

4,225

4,751

Juab

1,113

Millard

3,848
Sanpete

3,125

Emery

Grand

2,933

Beaver

Wayne

1,028

1,076

704

Iron

Garfield

2,300

Washington

1,624

San Juan

1,005

Kane

931

3,076

Figure 1.
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1,449

Number of horses in Utah by county, August 1, 1974.
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horses in Utah on August 1, 1974
(Figure 1). Utah County led the state
with 19,713 horses, or 15 percent of
the total. It also led in 4- H horse club
and riding club members. Other
counties having notably high horse
populations were also concentrated
along the Wasatch Front - Weber,
Davis, Salt Lake, Box Elder, and
Cache.

horses for rodeo purposes, 8 percent
for racing, and 14 percent for horse
shows, with 39 percent using their
horses on farms or ranches. Pleasure
riding was reported as a use by 66
percent of the owners. Since each
owner could report more than one
use on our questionnaires, the
numbers are not additive in this
table.

Additionally, many residents of
the state depend on breeding, training, showing, shoeing, or buying
and selling horses as a partial or
total source of income. Utah now
has s~me excellent resources for
producing horses for the Arizona
and California markets. Many top
stallions of the popular western
breeds are standing at stud in the
State. With some enthusiastic
promotion, as was undertaken in
Florida resulting in that state's increased thoroughbred breeding and
racing, Utah could probably become even more horse-oriented
than it is now, enhancing economic
activity, adding to the agricultural
In Box Elder County, the large base, and resulting in overall State
number of cattle (according to the growth.
1969 US Census of Agriculture)
Horses per Owner
seemed to playa role in determining horse numbers. Although Box
The number of horses per owner
Elder County has a lower density of
people than Cache County, it is varied from one portion of the State
characterized by large ranches and to the other (Figure 2). Residents of
substantial herds of cattle. These the southeast counties reported
circumstances have fostered a rela- most horses per owner. Evidently
tively higher number of horses per horses owned by Indians and the
owner and in total in Box Elder than owners of pack and dude ranch
horses in the recreational areas of
i n Cache County.
these counties pushed these figures
On the other hand, apparently be- upward.
cause of fewer cattle and less irriExcept for Box Elder County with
gated cropland, Tooele, Washington, and Carbon counties had lower its large ranches, the western counhorse populations than would have ties had the fewest horses per
been projected from their human owner. Rich County, with cattle
ranch operations that require horses
populations.
summer and winter, also had many
horses per owner. Counties in the
How Used
central portion of the state were in
the
range of 3.3 to 3.9 horses per
Data on how Utahns use their
horses were also summarized by owner, with the more urban councounty (Table 2). Of the horse own- ties tending to be lower than the
ers reporting, 7 percent used their rural counties. In general, 89 per-

The substantial human populations of these counties were apparently related to their horse populations, although horse numbers did
110t correlate directly with the
human populations in Salt Lake and
Box Elder counties. In Salt Lake
County, the divergence evidently
was due to its large segment of
middle-to-Iow income families and
the high cost of maintaining horses
in a primarily urban area. The other
Wasatch Front counties, with lower
human population de~sities and
more access to open space, supported more horses in relation to
human population.
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cent of the horse owners had one to
six horses each, which accounted
for 67 percent of Utah's horses in
1974. The remaining 11 percent had
7 or more horses each, accounting
for 33 percent of the total horses.
Breeds

The major breeds of horses reported by Utah owners were Appaloosa, Arabian, Thoroughbred ,
and Quarter Horse. American Saddle Horse, Morgan, Paint, and Tennessee Walking Horse breeds were
also cited.
The most popular breed in Utah,
based on total numbers, was the
Quarter Horse. This breed accounted for 20,652 head or 52 percent of the registered horses in Utah
in 1974 (Table 3). Owners of this
breed had 43 percent of the stallions
in the state. An additional 37 ,156
head of this breed were reported as
nonregistered, giving a total of
57,808 for quarter horses.
Arabians were the second most
numerous breed in the state, with
5,966 head or 15 percent of the total
registered horses. An additonal
5,549 nonregistered Arabians were
reported by their breed association.
Half-breed Arabians and AngloArabs accounted for almost half of
the 5,996 head of registered Arabians.
There were 4,763 registered Appaloosas in Utah in 1974, which
was 12 percent of all registered
horses. In total, 9,498 Appaloosas
were owned by 4,727 owners in the
state. This breed has been increasing in popularity and seems likely
to account for more of the total in
the future.
Thoroughbreds amounted to 10
percent of Utah's total registered
horses in 1974. An additional 4,480
horses reported to be nonregistered.
The American Saddle Horse and
the Morgan accounted for a total of
UTAH SCIENCE

Table 2. NUMBER & PERCENT OF UTAH HORSE OWNERS ENGAGED IN SPECIFIED ACTIVITIES, BY
COUNTY, AUGUST 1, 1974

COUNTY

RACE
%

Beaver
Box Elder
Cache
Carbon
Daggett
Davis
Duchesne
Emery
Garfield
Grand
Iron
Juab
Kane
Millard
Morgan
Piute
Rich
Salt Lake
San Juan
Sanpete
Sevier
Summit
Tooele
Uintah
Utah
Wasatch
Washington
Wayne
Weber

14
8
10
9
1
12
3
6
11
8
5
1
9
6
7
12
5
9
1
3
9
3
5
6
7
9
2
4
10

45
170
284
54
1
527
33
48
46
16
37
4
19
59
46
25
13
295
2
30
97
22
51
59
400
52
20
12
503

8

2,970

State

#

SHOW
%

RODEO

RANCH

PLEASURE

HORSE OWNERS
REPORTING

#

0/0

#

0/0

#

0/0

#

#

4
10
16
18
10
21
4
12
1
32
4
5
6
7
11
6
7
24
3
11
18
3
10
6
14
9
6
2
14

13
213
454
109
11
923
44
97
5
63
30
22
13
69
72
13
19
787
6
111
194
22
102
59
801
53
59
6
704

3
9
3
15
13
6
5
11
4
4
6
5
6
6
7
6
13
4
2
2
5
2
11
14
8
9
17
3
12

10
192
85
91
15
263
55
89
17
8
44
22
13
59
46
13
35
131
4
20
54
15
112
138
457
52
168
8
604

43
51
77
68
50
75
33
42
37
24
52
74
34
57
72
33
27
82
38
61
64
50
76
48
76
59
51
35
76

138
1,086
2,188
411
57
3,298
364
339
156
48
286
320
72
564
473
70
72
2,688
74
616
690
365
774
473
343
344
504
106
3824

62
63
32
44
60
24
81
77
69
64
58
44
78
57
41
83
79
7
72
56
44
63
29
60
32
51
56
80
26

198
1,342
909
266
68
1,055
895
621
292
127
430
190
165
564
269
176
211
229
140
566
475
460
295
591
1,828
297
554
243
1,308

320
2,130
2,841
605
114
4,397
1,105
807
423
198
742
433
212
989
657
212
267
3,278
194
1,010
1,079
730
1,018
985
5,714
583
989
304
5,031

14

5,073

7

2,820

39 14,764

37,367

66 24,843

Table 3. ESTIMATED NUMBER OF HORSES IN UTAH BY BREED, REGISTRATION, AGE, AND SEX, AUGUST
1,_1974
BREED

REGISTERED
YES
NO

TOTAL
UNDER 2 YEARS
OVER 2 YEARS
FEMALE HORSES OWNER
STALLION MARE GELDING MALE

American
Saddle
Appaloosa
Arabian
Morgan
Thoroughbred
Quarter Horse
Other Horses
Draft Horses
Ponies

512
4,763
5,966
609
3,986
20,652
1,882
133
896

1,572
4,735
5,549
1,600
4,480
37,156
26,606
1,578
10,068

32
616
754
50
392
1,935
384
36
294

925
3,573
5,154
1,062
4,018
24,795
11 ,948
825
4,906

922
3,251
3,469
878
2,357
20,932
13,635
724
4,638

131
998
1,114
118
704
4,879
1,240
46
530

74
1,060
1,024
101
995
5,267
1,281
80
596

2,084
9,498
11 ,515
2,209
8,466
57,808
28,488
1,71 1
10,964

1,308
4,727
5,592
1,388
3,413
20,976
13,421
751
7,067

State total

39,399

93,344

4,494

57,206

50,805

9,760

10,478

132,743

37,367
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Less than 3.3
3.3 to 4.0
More than 4.0

.' ...:. ... ... ..... .......................

346
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Daggett

337

Emery

3.76

Wayne

3.32

3.54

Garfield
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Figure 2.

384
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Number of horses per owner in Utah by county, August 1974.
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1,121 registered horses. Including these horses may be on the rise. In . in Utah. Stallions made up only
nonregistered horses, these two 1974, there were 1 ,711 head. Of about 3 percent of the total horses.
Mares accounted for 43 percent and
breeds numbered 4,293 head.
these, 133 were registered.
geldings, 38 percent. The remainPonies made up about 8 percent ing 16 percent were horses under 2
All other breeds plus horses of
unknown breed origin were in- of Utah's horses. In the rural coun- years of age.
cluded in our "Other Horses" ties they dropped to 4 or 5 percent of
More detailed information about Utah's
category. This category included the total because old cow horses
horse population can be obtained in a
1,882 registered horses and 26 ,606 were generally used by the chil- Utah Extension Service publication called
head of nonregistered horses. Next dren. In urban areas where families Characteristics of the Utah Horse and
to Quarter Horses, this was the did not have access to old cow Pony Population, 1974. This publication
is available at 75 cents per copy from the
horses , however, ponies accounted Utah State University Bulletin Room, Utah
largest category reported.
for up to 12 percent of the horse State University, Logan, Utah 84322
With the growing interest in pull- population.
ing matches and sleigh rides, plus
J'Wayne McArthur is Assistant Professor
the existing use of draft horses on
In total , registered horses ac- of Animal Science, College of Agriculture.
farms and ranches, the number of counted for 30 percent of all horses USU.

'ORNAMENTAL HORTICULTURE AND TURF
MANAGEMENT EMPLOYMENT PRACTICES
G. A. Long, W. F. Campbell,
E. M. Drake, and T. M. McKee
Agriculture is changing in Utah,
as elsewhere, with fewer workers
per farm fulfilling the traditional
role of production. With this decline, what opportunities are available to people, both young and old,
who have agricultural skills and
abilities?
The Vocational Education Act of
1963 provided for training in off-

farm occupations. Ornamental horticulture and turf management as
related to golf courses meet the requirements of this act and can offer
employment opportunities to individuals with agricultural skills and
abilities. For example , recent surveys of businesses in the Salt Lake
Valley area (such as greenhouse and
nursery production, landscape services, farm and garden stores, and
golf courses) indicated that approximately 550 positions were available annually. Furthermore, six golf
courses in the Ogden and Layton
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areas of Utah indicated a need for 76
employees annually. These seasonal jobs can turn into full-time
employment or they can provide an
individual with skills relevant to
further education in agriculturally
related fields at a post-secondary
school.

Moreover, using the past ten years
as a guideline , 15-18 more golf
courses will be constructed in Utah
by 1980.
The transition of many high
school graduates to an employee
status or into a post-high school
educational program would be
smoother if high school teachers
would refer them to a list of jobrelated skills. In this paper we attempt to provide one such reference
point by answering the following
questions: (1) What skills are
needed for entry into a supervised
occupational experience within a
golf course business? (2) Should
secondary schools offer ornamental
horticulture programs related to
golf course maintenance?

An increasing population and an
expanding public interest in having
access to open spaces are intensifying and accelerating the demand for
more parks, playgrounds . and golf
courses. The four-day work week is
rapidly approaching reality , while
in some areas the three-day work
week is being considered. The resultant additional leisure time will
undoubtedly induce many more
people to take up the game of golf as
well as other outdoor activities. The
Agribusiness related to ornamenprediction for golf is substantiated
by the increased interest in golf evi- tal horticulture was analyzed as to
denced by elementary and second- specific job openings. A list of
ary school students in Utah. functions/tasks judged to be within
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potential high school student competencies was then presented for
comment to personnel of golf
courses in the Ogden and Layton
areas of Utah (Table 1). The golf
courses surveyed were selected on
the basis of their proximity to local
high schools that offered vocational
agricultural programs, and with attention to the driving and time restrictions that characterize high
school age employees.

Table 1.

Golf courses surveyed were selected on the basis of their
proximity to high schools having Vocational Agricultural
programs.

Ogden Country Club
Schneider's Riverside Golf Course
Royal Greens Golf Course
Willow Glen Golf Course
Davis County Golf Course
Oakridge Country Club

Ogden, Utah
Ogden, Utah
Roy, Utah
Kaysville, Utah
Kaysville, Utah
Farmington, Utah

The jobs considered in the survey
were grouped into business, Table 2.
Business tasks considered important for high school age
mechanics, and ornamental horemployees seeking placement on cooperative occupational
ticulture. Specific tasks were
experience programs.
ranked in descending order according to the number of potential emp- Task
Percent
loyers who cited them as being requisite competencies for em- Use effective interpersonal relationships
ployees.
67
in dealing with customers
The golf course managers indicated little need for an in-depth
knowledge of business procedures
among entry level employees (Table
2). However, all considered this
knowledge important if an employee was to move into management or supervisory positions such
as greenskeeper or golf course manager. Sixty-seven percent of the golf
course managers interviewed indica ted that an abili ty to achi eve effective interpersonal relationships
with customers was important for
entry level employment. Although
the beginning worker is not directly
involved with clientele, the employee frequently has opportunities
to present a positive image for the
golf course. Fifty percent of the potential employers surveyed, indicated that skills basic to inventorying or bookkeeping, a knowledge of
parts for equipment, and some understanding of fertilizer and seed
were important. Only seventeen
percent of the respondents said that
record keeping, taking telephone
sales orders, or keeping an inventory of plants and supplies represented important entry level
skills.

Keep current inventory of repair parts,
fertilizer and seed, and supplies

50

Identify customer needs and wants

33

Keep records of receipts and expenses

17

Keep employee work records

17

Keep current inventory of plants and supplies

17

Check invoices for math errors

17

Store received plants and supplies

17

Store received merchandise

17

Arrange for transportation of
materials purchased

17

Recruit employees

17

Take orders for sales by telephone

17

courses today represents a major investment by the golf course and
must be kept in proper working
order. All respondents considered a
knowledge of light maintenance of
equipment an important job prerequisite (Table 3). In addition, adjustment and operation of spray and
The equipment used on golf irrigati.o n equipment and electric
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motors were regarded as essential
skills.
All potential employers interviewed indicated they considered
experience in preparing a lawn for
seeding, mixing fertilizer into the
soil, placing sod, watering new
plantings, and caring for ornamenUTAH SCIENCE

tal plants as essential to prospect'ive
employees (Table 4) . The mowing
and trimming of lawns requires
know ledge of the various types of
mowing equipment used on greens,
fairways, and rough areas. Cutting
heights vary among the areas on a Table 3.
golf course. The greens are the most
critical and require extra care and
attention.
Being able to identify weeds, insects, and diseases was considered
important by 83 percent of the employers interviewed. The greensworker should be able to identify
common diseases and their symptoms for reporting to the greenskeeper or golf course superintendent so that extensive damage can
be prevented. The employee should
be aware of the danger of excessi ve
applications of fertilizers and of the
correct spreading rates of various
spreaders used. Knowledge of the
application of chemicals by incorporation, spraying, dusting or
fumigation and the applicable
safety precautions are essential for
the protection of the worker, the
employer, and the clientele.
The survey defined the kind of
employment available and the need
for training in certain skills. In
nearly all cases, the positions are
seasonal. They do, however, offer
excellent training with pay and a
chance to acquire skills and knowledge that can lead to full-time employment or enhance post secondary study leading to a position as a
golf course manager or employment
in other ornamental horticulture
businesses. The specific jobs mentioned align closely with those
characterizing greenhouse, nursery, landscape service, and farm
and garden stores employment opportuni ties.

Mechanical tasks considered important for high school age
employees seeking placement on cooperative occupational
experience programs.

Task
Light maintenance of business vehicle or
tractor, oil level, tire inflation, battery
and radiator water levels

Percent

100

Clean and sharpen hand tools

83

Change oil and grease business vehicle
or tractor

83

Calibration of spraying and spreading equipment

83

Keep work and storage areas neat and clean

83

Clean and oil electric motors

67

Maintain and repair small gas engines
(e.g., lawn mower, rototiller)

67

Clean and repair dusters and sprayers

67

Maintain and repair water valves, spigots,
thermostats and pumps

50

Order repair parts for vehicles

50

Electrical work on light switches, extension
cords and time clocks

33

Paint nursery house and storage buildings

33

Carpentry repair of storage buildings and
repair shop

33

Agriculture can profitably borrow from the know-how of industry
by establishing minimum training
requirements for beginning employees. Before industry offers a
wage to an employee, he is expected
June 1975
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Table 4.

Ornamental horticulture tasks considered important for high
school age employees seeking placement on cooperative
occupational experience programs.

Task
Mow and trim lawns
Mix fertilizer into soil
Place sod
Water new plantings, including sod
Prepare lawn for seeding
Water nursery stock
Identity weeds, insects and diseases
Spray chemicals to control weeds, insects and disease
Remove dead or unwanted trees or shrubs
Mix the soil with plant growing materials
Fertilize based on soil test
Spread and level top soil
Seed a lawn
Reseed a lawn
Repair worn spots in lawn with sod or reseeding
Add chemicals to control weeds and/or soil insects
Control weeds and insects with chemicals
Provide chemical weed control

60

to have skills that are valuable to
that industry. Golf course managers
Percent have indicated what they expect
beginning students to know about
100 ornamental horticulture , turf man100 agement, and equipment. It is the
100 responsibility of the schools to de100 velop programs that will equip stu100 dents to fulfill these needs.
831------

83
83
83
83
83

83
83
83
83
67
67
67

G. A. Long is Associate Professor and
Head of the Department of Agricultural
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W. F. Campbell is Associate Professor of
Plant Science, College of Agriculture,
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Education, College of Education, USU.
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SPRINKLING WITH SALTY I'lLL I'ATlR
CAN CAUSl PROBLlMS

Rex F. Nielson and Orson S.
Cannon
county. Field observations on May
28 1974 indicated that the first
symptoms of leaf injury appeared
within 24 hours after sprinkle irrigation started. Temperature the day
before had reached 90 C F. Leaf margins were slightly bleached followed later by death of the leaf margins. The leaves affectp,' were
found on plants in the areas between sprinkler lines where water
application was light. In these areas
evaporation apparently concentrated the salts contained in the
water onto the leaves thereby causing injury. No damage occured on
plants close to the sprinklers where
abundant water washed the salts
The increased use of sprinklers from the leaves.
associated with the demand for new
land and additional irrigation supplies makes it likely the problem of
foliar burn will become even more
extensive. Sprinkler irrigation is an
effective way to extend water supplies and develop maximum efficiency; however, complications
arise when salty water is used. Good
lands served by high quality water
are becoming increasingly scarce.
As a result, many recent land developments are being supplied with
poor quality water.
Farmers who are irrigating with
saline water through sprinkler systems should be aware of potential
problems. Foliar burn from this
practice has been reported in
California and Florida with citrus,
lettuc~ and other crops, and studies
in Arizona have recognized damage
with cotton. Investigations conducted by USU researchers have
identified salty well water applied
through sprinklers as the offender,
causing damage to a number of
crops and ornamentals in Beaver,
Box Elder, Grand, Tooele, Washington, and Weber counties.

Problems in Tooele
USU personnel were alerted to
the problem by farmers who reported extensive foliar damage to
sprinkle irrigated alfalfa in the
Erda-Grantsville area of Tooele
June 1975

Alfalfa leaves showing marginal
burn from being sprinkled with
salty water.

On June 7 water samples were
collected in the Erda area from wells
in and adjacent to the sites showing
foliar damage. Additional samples
were collected on June 27 and July
30. Analyses of well waters in Table
1 show the salt content to be sufficiently high on some samples to
cause damage. The site that showed
the initial burn on May 28 had been
irrigated with the #2 well sample.
During the four visits made to the
area during June and July , damage
to sprinkle irr~gated alfalfa was
noted repeatedly, although not all
fields showed damage. The presence and extent of burn on alfalfa
was closely correlated with the
amount of salinity found in the well
waters and the rate of evaporation as
influenced by weather. On no occasion was damage noted on alfalfa
fields that were furrow irrigated.

Table 1. Erda -

Under conditions of excessively
high evaporation, damage was seen
on fields sprinkled with saline
water having an electrical conductivity (EC) as low as 1325 (#7); however, injury was less on these fields
than on those sprinkled with water
of higher salt content.
Dry, and Windy
Plant damage appeared most severe during periods of high temperatures and on windy days. In one
instance, all above ground portions
of the alfalfa were killed within 24
hours after the sprinklers were
turned on. This occurred during a
period of low humidity , temperatures above 90c F, clear skies, south
wind exceeding 20 mph, and water
with EC above 4000.
A large number of factors influence whether or not damage will

occur. Crops show considerable
variation in their tolerance to foliar
applied salt. The extent of damage
is associated with temperature,
wind velocity and direction ,
humidity , cloud cover, density of
plant cover, kinds of salts in the
water, uniformity of water application, and rotation rate of sprinkler
heads. These factors can act both
independently or collectively.
Since the degree of damage is modified by many factor~ it is difficult to
set critical levels for salt content in
the water.
There is general agreement
among researchers that damage can
be caused by water having an EC as
low as 1200 micromhos/cm when
evaporation rates are excessively
high. In contrast, waters with an EC
of 4000 have been used with no significant adverse effects when evaporation is low.

Grantsville Water Samples
June 7, 1974
Milliequivalents per Liter

Well
Number

Ca

Mg

Na

K

HC03

S04

CI

SAR

1
2
3
4
5
6
7
8

2.40
7.39
6.39
5.14
7.39
3.49
4.64
2.49

1.65
4.69
4.77
3.62
4.77
2.47
2.47
1.65

3.04
24.13
7.22
13.26
24.91
14.78
6.30
3.35

.05
.28
.13
.18
.27
.19
.09
.05

3.86
3.72
3.29
3.93
3.58
3.93
4.08
3.65

.92
1.02
.92
1.07
1.00
.96
.63
.92

1.60
37.50
13.80
17.40
33.60
16.80
7.20
2.10

2.14
9.82
3.06
6.34
10.10
8.56
3.34
2.33

EC
J..Imhos/cm
654
4127
2040
2417
4191
2439
1325
725

Water
Class
C2-S1
C4-S3
C3-S1
C4-S2
C4-S3
C4-S2
C~S1

C2-S1

Ca = Calcium
Mg = Magnesium
Na = Sodium
K = Potassium
HC03 = Bicarbonate
S04 = Sulfate
CI = Chloride
SAR = Sodium Adsorption Ratio
ECl J..l mhos/cm = Electrical Conductivity in Micromhos/cm
C = Salinity classification
S = Sodium classification
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It is likely that the damage resulting from sprinkle irrigation with
salty water may not be recognized
in many areas of the state. For this
reason, it is advisable for growers to
have well water analyzed to measure salt content if any unexplained
burned leaves have been observed
on sprinkle irrigated crops. Water
from all new wells should also be
analyzed for salt content. If it is
found that the irrigation water is
salty there are a number of things
that can be done to lessen the
amount of damage caused to crops .

side, and humidity rises. Irrigation
should be avoided when temperatures are high or during windy
periods, especially when humidity
is low . Irrigation during cloudy
periods will have minimum adverse
effects.

Field observations and research
data indicate that under-designed
irrigation systems that do not provide total coverage result in the
highest level of foliar burn. Sprinkler heads that rotate slowly allow
the water to evaporate from the leaf
surface and concentrate the salts beOptions Available
fore the next rotation. Sprinkler rotation should be one minute or less
Since most growers seldom have per revolution with adequate line
an alternate source of irrigation pressure to insure complete coverwater, it becomes necessary to use age.
the water available even if it is salty.
The problem is one of minimizing
In summary , damage to crops
the adverse effect of the salt. Any from the use of salty irrigation water
practice that will prevent salty can be minimized by following
water from coming in contact with those practices that prevent rapid
the leaves prevents damage. By rec- evaporation of water and its resultognizing that foliar burn is caused ing concentration of salts and injury
by rapid evaporation, a number of to the leaves.
options are possible. With perennial crops like alfalfa it is possible to
fill the soil profile with water prior
to the intitial growth in the spring Rex F. Nielson is Associate Professor of
and between cuttings. Studies in Soil Science and Biometeorology, Colother states have shown that night lege of Agriculture , USU.
irrigation causes less damage since Orson S. Cannon is Professor Emeritus of
temperatures are lower, winds sub- Biology, College of Science, USU.

Regrowth following severe foliar
burn.

June 1975

Photo by Wm. P. Nye

PfSTICIDfS AND ALfALfA
Maurice G. Zeeman and
Donald W. Davis
The first written references mentioning chemicals used in pest control were in the epic Greek poems
The Illiad and The Odyssey. In
these, sulfur was used as a purifying
agent - probably to kill fungi.

Just before 1940, the insecticidal
properities of DDT were discovered.
Soon , other already-existing
synthetic organic chemicals were
also found useful against many pest
species. About two years after WW
IT large quantities of DDT and other
Little practical use was made of new pesticides became available for
chemical pest control in the western agricultural uses.
world until about 150 years ago.
Then oil, lime, tobacco, and arsenic
Pesticides can be grouped in difwere used in limited ways.
ferent ways. One way is by the pests
they kill. For example, fungicides
In 1867, the arsenical Paris Green kill fungi , herbicides kill weeds,
was used to control the Colorado and insecticides kill insects.
potato beetle. Arcund 1900, other Another way is to group them by
arsenic pesticides became available similar chemical structures or comand made up most of the volume of ponents. For example, chlorinated
pesticides used in United States ag- hydrocarbons are mostly made up
of the elements chlorine, hydrogen,
riculture up until the 1940s.
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and carbon; the organophosphates
have phosphorus, hydrogen and
carbon; and the carbamates have
nitrogen, hydrogen, carbon, and
oxygen.
Within each class of pesticides,
regardless of grouping, there are
many different chemicals, each
with diverse properties. For example, among the insecticides there
are a number of widely different
chemicals effective against insect
pests. Table 1 lists the most important insecticides used to kill pests of
alfalfa.
In 1967 alfalfa was planted on
about 30 million acres in the United
States. The resultant crop was valUTAH SCIENCE

Table 1. Insecticides Used on Alfalfa
Usual Application Rate
(Ib active ingredient peracrel

Recommended Days
from Application
to Harvest

EPA Residue
Tolerance
(ppm) on Hay

Advantages

Disadvantages

Inexpensive, long time pest
control. Slightly toxic to bees
and humans.
More effective on weevils than
1. Long time pest control.

Toxic to some beneficial insects.
Residues persist and concentrate
in fats.
More expensive than 1. Residues
persist and concentrate in fat.
Weevil resistance developed.
More expensive than 1. Not as
effective against weevil as 1. or 2.

CHLORINATED H YDROCARBONS
1. DDT

2. Heptachlor & Dieldrin

Hardly toxic to bees & humans.
Rapid breakdown of residues.

2.0

7

100

4. Ethyl Parathion

0.5

15

5

Very effective against most
alfalfa pests.

5. Methyl Parathion

0.5

15

5

6. Malathion

1.0

o

135

7. Diazinon

0.5

8. 0ylox

1.0

9. Systox

Very effective against alfalfa
pests. More rapid breakdown
of residues than 4.
Effective against many alfalfa
pests. Rapid breakdown of
residues. Very low toxicity to
humans.
Very effective against most
alfalfa pests. Rapid breakdown
of residues. Low toxicity to
humans.
Hardly toxic to bees. Not very
toxic to other beneficial
insects or humans. Residues not
much of a problem.
Low toxicity to many beneficial
insects a few hours after
application. Effective against
aphids.
Effective against weevil.

3. Methoxychlor

ORGANOPHOSPHA TES

10

7

45

0.25

21

12

10. Guthion

0.5

16

5

11 . Supracide

0.5

10

6

12. Sevin

1.0

o

100

13. Furadan

0.5

14

20

Highly effective against weevil,
aphids & Iygus. Good in
Integrated Control

Very toxic to beneficial insects
and humans. Some residue
problems.
Very toxic to beneficial insects
and humans. Can be phytotoxic.
Highly toxic to beneficial insects.
Works poorly below 65C F.

Highly toxic to beneficial insects.
Expensive:

Not effective against weevil or
aphids. Difficult to handle and
use.""
Use restricted to certain time.
Highly toxic to humans. Not
effective against weevil. ••
Very toxic to beneficial insects
and humans. Not effective
against aphids. Marginal value
in Utah.
Toxic to beneficial insects.
Moderately toxic to humans.
Does not work well against weevils
earty in season.

CARBAMATES ·
Lower cost than many organophosphates and carbamates.
Very low toxicity to humans.
Rapid residue breakdown.
Excellent weevil control. Good
on Iygus and some other pests.
Wide field use time. Low dermal
toxicity to humans.

Only fair weevil control. Highly
toxic to many beneficial Insects.
Does not control aphids or Iygus.
Very expensive. Very toxic to
beneficial insects for firs t few
days atler applied. Highly toxic
to humans, if taken orally. Not
good control over mites .

• Use no longer allowed on alfalfa
•• Dylox and Systox used primarily during bloom of seed alfalfa.

ued at about $1.5 billion. The alfalfa
weevil is a widespread pest on alfalfa. This pest caused about $56
million damage to alfalfa in the
USA during 1967. In Utah alone,
losses were about $4 million. During 1967 alfalfa growers in the USA
paid almost $14 million to control
alfalfa pests chemically.

during 1971 , fungicides were rarely
used on alfalfa; herbicides used on
alfalfa and other forages amounted
to only 36,000 Ibs; and insecticides
used on alfalfa alone totaled almost
500,000 Ibs. Since insecticides are
the primary pesticides used on alfalfa , the rest of the paper will deal
with insecticides - their uses ,
In the USA, insecticides make up costs, effectiveness , residue probmost of the pesticides used on al- lems, and effects upon nontarget
falfa. In the Intermountain region organisms.
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Lead Arsenate to Carbamate
The history of insecticide use on
alfalfa in Utah shows a series of
chemicals replacing one another.
Before 1900, for all practical purposes, no insecticides were used on
alfalfa. During the early 1900s the
alfalfa weevil was introduced and
became a pest. By WW I the inorganic stomach poison, lead arsenate, was being used occasionally to
control the weevil. During the fol-
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lowing 10 years this chemical was
gradually replaced by the less
hazardous calcium arsenate. Until
the late 1940s the amount of insecticides used against alfalfa pests
was small. Available insecticides
were expensive, sometimes hard to
get, and other methods of weevil
control were nearly as effective.
Widespread use of insecticides
on alfalfa started about 1947, when
DDT became available in agricultural quantities. Cost to farmers to
control alfalfa pests with DDT was
only about 25 percent of that with
the arsenates. DDT practically
eliminated the use of arsenical insecticides, not only on alfalfa but on
most other crops as well.

indeed in milk and meat of cattle fed
alfalfa treated with these two chemicals. In 1964 heptachlor and dieldrin had their registration for use on
alfalfa withdrawn by the federal
government. At the same time,
these chemicals had become much
less effective because some weevil
populations were developing resistance to them.

WHAT TO USE
The organophosphate insecticides replaced most of the chlorinated hydrocarbon insecticides
used on alfalfa but these new chemicals forced a change of strategy in
controlling alfalfa weevil. Heptachlor and dieldrin killed adult
weevils for a period of months;
therefore, they were used early in
the spring to kill overwintering
adults. By contrast, most organophosphate residues did not last
long enough in early spring cool
temperatures and also were not as
effective against adult weevils as
they were against feeding larvae.
Therefore, organophosphate insecticide applications had to be made
during late May - late enough to
control the larvae, but long enough
before harvest to prevent residues
contaminating milk or meat from
cattle. Unfortunately, the new timings were about the time of year
when many beneficial insects (predatory, parasitic, and pollinating)
were most active.

About 1950 it was found that DDT
was less effective against the alfalfa
weevil than other new insecticides.
DDT was also killing insects which
were predatory and parasitic to
mites and pea aphids thus allOWing
mites and aphids to become serious
alfalfa pests. Moreover, residues of
DDT left on alfalfa were detected in
the milk and meat of cattle fed that
hay. The Miller Amendment to the
Pure Food and Drug Act, which was
passed in 1954, said that no pesticide residues would be allowed in
milk and only low levels allowed in
meat. The reasoning behind the
zero level in milk was that dairy
products were foods that could
Of the organophosphates, ethyl
make up 100 percent of the diet of
parathion was used initially, but
the young, elderly, or sick.
high residues were found in baled
By 1954 these factors resulted in hay. Methyl parathion then became
most DDT use on forage alfalfa the most commonly used prebeing replaced by other chlorinated cutting treatment and is still widely
. hydrocarbon insecticides - hep- used today. Others commonly used
tachlor, dieldrin, and methoxy- are malathion, diazinon, Dylox,
chlor. It was thought that use pat- Systox, Guthion, and Supracide.
terns of these chemicals would not The organophosphates made up 70
leave enough residues on alfalfa hay percent of the total pounds of insecto have them show up in meat and icides used on alfalfa in the USA
milk. It wasn't until about 10 years during 1971.
later that techniques for detection of
Sevin and Furadan are two carpesticide residues improved
bamate
insecticides used on alfalfa.
enough to show that heptachlor
has
been around for 20 years
Sevin
epoxide and dieldrin residues were
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and was registered for alfalfa use in
1967. It is fairly effective against the
weevil, but also quite deadly to beneficial insects. Furadan is a new
chemical registered in 1972. It is extremely effective in alfalfa weevil
control, and its use is presently on
the increase. It, too, is deadly to
beneficial insects.

Which chemicals will be used to
control alfalfa pests? Complex decisions must be made by government,
chemical manufacturers, farmers,
and others in answering this question.
The Federal government has
taken the responsibility of deciding
if and how a pesticide can be used,
how much of that chemical should
be used and what levels of residues
can safely remain on treated items.
The Environmental Protection
Agency (EPA) was given much of
this job in 1972 and is coming out
with new and comprehensive rules
for pesticide uses, application
licenses, methods of registering
new pesticides, etc. The EPA wants
to be sure that the pesticides used
are going to be effective and at the
same time are used in a way that
causes minimum hazard to applicators, consumers and the environment.
It may be that in trying to achieve
this worthy goal, the EPA will make
it so costly just to register pesticides
that only a few large chemical companies could afford to consider
searching for new pesticides and
then only for those pesticides with a
multitude of uses.

Consider chemical company estimates of costs to register pesticides over the last two decades.
Research and development costs for
a new pesticide was about $1.2 million in 1956. By 1964, the cost has
doubled and by 1969, it had at least
tripled. Today, one new pesticide
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emerges for every 10,000 compounds tested, the time from discovery to market averages 8-10
years with average cost about $10
million. Soaring costs are limiting
research and the development of
new chemicals. Gaps have already
developed in the farmers' ability to
control pests.
Alfalfa farmers have to contend
with EPA guidelines on how long
before harvest of hay or seed applications of certain insecticides can
be made (Table 1). These guidelines
are given so that farmers can still get
effective control of weevils and
other pests, but not leave enough
chemical residue on hay to cause
residue problems in milk or meat
from cattle fed that hay. The problem of some persistent chlorinated
hydrocarbon residues being concentrated in milk and meat seems to
have been largely overcome by
proper uses of the more degradable

organophosphates and carbamates.
No perfect insecticide for alfalfa
has been found. Each insecticide
has its inherent advantages and disadvantages (Table 1). Many of the
most effective chemicals are the
most expensive to buy. Farmers like
the cost and human safety factor of
Sevin and methoxychlor , but
nei ther is especially effective
against weevils, and Sevin can devastate beneficial insects. Each
choice involves good and bad effects .
Insecticide choices can vary considerably . Selection should be
based upon local conditions and
needs. What is appropriate for the
East coast might not fit in Utah.
There are many difficulties involved in decision making. Benefits
of pesticide use include greater food
supplies, but risks can involve di-

rect and indirect harm to beneficial
insects, farmers, applicators, consumers, and the environment. Benefits and risks must be balanced
and difficult decisions made.
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WILDLAND SHRUB WORKSHOP
AND LABORATORY DEDICATION
On November 4 , 5, and 6, 1975, a
Workshop on Wildland Shrubs will
be held in Provo, Utah, at Brigham
Young University. This three-day
workshop will formally initiate the
research program of the US Forest
Service Shrub Research Laboratory
which is currently under construction. The first day of the workshop
will consist of short progress reports from the US Forest Service
Shrub Improvement Research Project and Watershed Protection and
Rehabilitation Project plus reports
from research workers in other
agencies and Universities. The secJune 1975

ond day will include contributed
papers on shrub research and visits
to local research sites. The third day
will feature a plenary session of four
invited papers of in-depth research
on shrubs and a special dedication
program for the laboratory. The
Utah Section, SRM, will meet on the
evening of November 6.
Scientists wishing to present
papers on the second day of the
workshop should prepare a onepage abstract of not more than 250
words and send it to Professor Howard Stutz, Botany and Range Management Department , Brigham

Young University, Provo, Utah
84602. Deadline for submission of
.abstracts is September 15.
Shrub Workshop Program Committee:
Howard Stutz, Brigham Young
University
J.P. Blaidsdell, US Forest Service
Norman Hancock, Uta!: Division of Wildlife Resources
C.M. McKell, Utah State University.
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SCIENCE SHORTS
DEEP FAT FRYING AND
LIVER METABOLISM
Most of today's cooking oils are
high in polyunsaturated fats. When
these oils are held at high temperatures in the presence of oxygen, as
in deep-fat frying, the polyunsaturated fats deteriorate as they take up
oxygen.

oil, thermally oxidized corn oil, or
fresh corn oil plus modified fatty
acids. The modified fatty acids had
been extracted from corn oil held at
l8D e C for 24 hours. Another group
of rats was fed the same way except
that some ofthem had DDT added to
the base diets along with the differVarious researchers have shown ent oil types. Since the effects of
that the foods being fried can absorb DDT on the liver are well defined,
some of the oxidation products, this procedure would give the sciwhich include abnormal (poly- entists a valuable check point.
merized) fatty acids. Once inside
After a l5-day feeding period, the
the body, these products accumulate and enter into physiological rats were euthanized and their livreactions. If the intake is excessive, ers were removed for analyses.
body cells may be damaged.
Both the thermally oxidized oil
Some researchers have simulated and the oil containing the heatprolonged deep-fat frying in their modified fatty acids caused even
laboratories and then fed the fat to greater increases in liver weights
experimental animals. The animals than did DDT. The two kinds of
involved have experienced de- thermally modified oils also sigpressed appetites and growth, nificantly increased the activities of
diarrhea, histological changes in microsomal enzymes, although
various tissues, enlargement of kid- they weren't as effective as DDT in
this regard. In other words, the livneys and livers, and some died.
ers of the experimental rats had reTwo USU scientists, Joseph C. sponded to the thermally modified
Street and Ana Maria Andia were oils in much the same way as they
especially intrigued by the reports did to the toxicant, DDT.
of liver enlargements accompanied
by an increased acti vi ty of miNormal home type, deep-fat cookcrosomal enzymes. These are the ing is not likely to sufficiently
liver-produced enzymes that func- change the oil to induce the liver
tion so importantl'Y in the body's responses seen in the USU experiprocessing of drugs, pesticides and ments, assuming that the oil is disother foreign chemicals.
carded after being used. Some institutional restaurants and kitchens,
In their experiments just reported however, are not adequately careful
in the Journal of Agricultural and of the oil they use for frying. People
Food Chemistry, the USU resear- addicted to deep-fat fried foods may
chers fed the rats nutritionally "bal- therefore be over-challenging their
anced" diets that contained either liver's normal protective capacity to
casein or soy meal protein. To these detoxify foreign chemicals and prodiets they added either fresh corn cess drugs .
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Tnr nITT or f1nKITICi nTID rrrDITICi conTI SILnCir
Norris Stenquist
If you are raising beef cattle, and
li ve in an area where you can grow
field corn - you'd better think hard
about including corn silage in your
feeding plans. And apparently a lot
of Utah cattlemen are doing just
that. In 1974, Utah's corn silage
production totaled 1 ,326 ,000 tons
- a record high that amounted to 17
tons per acre.

One reason for the popularity of
corn silage is that it exceeds all
other feed crops in its yield of nutrients per acre in areas of the state
where corn thrives. Its other virtues
include giving maximum production of beef per acre of farm land
while reducing the cost of grain
when grains are high priced, a condition currently plaguing the beef
cattle industry. Then, too, corn silage allows for complete mechanization of both the harvesting and feeding operations. Corn silage will improve the percentage of lean meat
and preferred cuts in some types of
cattle and gives considerable flexibility to harvest, storage and feeding programs. Its inclusion in a diet
can even enhance palatability by
controlling dust and fines, which
frequently become a problem to
both beef and dairy operations.
Corn Silage will also control bloat
in diets where barley and alfalfa hay
are fed together.
Com Silage - High Energy

Corn silage is a high-energy feed
containing 60-70 percent TDN on a
dry matter basis. On a net energy
basis, corn silage rates lower than
grain. It contains plenty of energy
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for maintenance, but not enough for
production. This makes it an excellent winter feed for beef cattle when
maintenance requirements are
greatest , but production isn't a
major aim.
Except that it is relatively protein
deficient, corn silage would qualify
as a " wonder" feed. At a normal
moisture content of approximately
70 percent, however, it contains
only 2.5 percent protein (on an air
dry basis). On a dry basis (moisture
free) it will contain 8.5 percent protein. That means that when you feed
silage , you have to be sure to compensate for its low protein content.
Producing Quality Corn Silage

The kind of corn silage that various classes of livestock like most
has been fermented until it has just
the "right" concentration of lactic
acid. This acid is produced by certain micro-organisms within the
crop. The lactic acid inhibits other
forms of microbial activity and thus
preserves the ensiled material.
Production

The production of good quali ty
corn silage is actually a four-phase
process. In phase 1 the continued
respiration of the plant cells in the
cut corn produces carbon dioxide.
Mechanical compression then
causes oxygen to be expelled resulting in the evolution of heat and a
flow of liquid from the mass. In
phase 2, acetic acid is produced in
small amounts by various organisms. In phase 3 the production

Except that it is relatively protein
deficient, corn silage would
qualify as a "wonder" feed.

of lactic acid fermentation begins.
This important step is dependent
upon the activity of lactic-acidproducing organisms, lactobacilli
and streptococci , supported by adequate carbohydrate material. During phase 4, the lactic acidproduction peaks and then levels at
a constant 1.0 to 1.5 percent of the
fresh material. The first three
phases are completed in about three
days, but the fourth may take 14 to
18 days.
Olive green silage has usually
been made from a rather immature
crop. This silage has a pleasant "estery" smell and a clean taste, and
has been made at relatively low
temperatures. Silage that is light
brown or yellow in color has been
made at about 96 F and its ingredients are usually more mature than
in the olive green variety. fvlost silages have this color, and they also
have an acid smell and taste. Dark
brown silage has been overheated. It
has an unappetizing smell and the
sugar in the crop has been carmelized. Excessive heat favors
C
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but,uric-acid-producing organisms,
and they are responsible for the evil
odor, high pH and undesirably dark
brown or black color.
An important question when
producing corn silage is, at what
stage of development should the
corn be ensiled? The best advice is
to.wait until the corn is well dented.
The green color and extra ear
weight that you get from cutting
earlier (in the milk stage of development) - looks nice but
doesn't add anything in feed value.
In fact , valuable nutrients may be
missing. Corn increases in nutritive
value as it matures since nutrients
in the kernels continue to increase
while the composition of leaves and
stalks remains about the same.

Dent harvest for silage gives best feed

Development
stage

1st Tassel
Milk
Dent
Mature

Dry
Matter
0/0

12
19
30
43

Yield
Green Wt. Dry Wt.
Tonsl Acre Tonsl Acre

18.5
26.0
25.0
20.0

2.20
4.94
7.50
8.60

Stalks,
Leaves
0/0

Ears,
Husks
0/0

100
61
43
40

39
57
60

Yields
tle feeding have zoomed up, corn
silage has come to playa more important role than ever before in cattle feeding. Cattemen are feeding
calves diets high in corn silage.
Calves can be fed 8-11 pounds of
corn silage dry matter per head
daily as long as they also get additional protein from some other
source. This translates into 25-34
pounds of corn silage at around 70
While harvesting at the right time percent moisture.
is important, other factors are also
vital to top-quality corn silage. One
Corn Silage is also very useful in
of these is getting the right cut.
wintering beef cattle breeding
herds. Cows fed 5-7 pounds of good
All corn silage should be chop- quality alfalfa per day, with the reped in lengths that vary between mainder of their diet consisting of
one quarter and three eights of an corn silage, do very well. Unfortuinch, regardless of the stage of nately, many of our breeding herds
maturity or the dry matter content. are located in areas that are unsuitaThis fine chopping improves the ble for corn silage production.
palatability and enhances the fermentation process in the silo. Fine
Cattlemen feeding animals for
chopping means you can store more market will have to evaluate the
dry matter per cubic foot of silo pros and cons of using higher forage
capacity and it also reduces the rations for finishing. As they are fed
amount of oxidative losses during increased amounts of corn silage,
storage.
and less grain, animals need to be
carried to heavier weights in order
Using Com Silage to Best
to make even a grade of good or
Advantage
standard. And many feedlot
As the price of grains used in cat- operators have learned the hard way

Yields of dry weight feed are actually up to 50 percent higher for
corn harvested at the dent rather
than in milk stage (see table). The
difference is the higher moisture in
the less mature silage. Much of this
moisture seeps away when the silage is in storage, carrying nutrients
with it.
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that the more weight you add ,. the
more money you lose.
Corn silage can best be used in
one of two ways:
A constant ratio of corn silage can
be fed during the entire feeding
period. In this case, silage is fed according to body weight, with the
amounts being increased as the cattle become heavier.
The alternative is a two-phase
program in which large amounts of
corn silage are fed during the growing period and then reduced during
the finishing. Under most feeding
programs this alternative has
proved to be most profitable.
Corn silage is one of the very important forage crops available to the
livestock industry. Its future importance in the production of red meat
is assured for years to come.

Norris J. Stenquist is Associate Professor
of Animal Science, College of Agriculture
and Area Livestock Specialist, University
Extension, USU.
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Multiple Use
of Irrigation
Canals

James J. Kennedy and
Suzanne Morgan
In the pioneer days Utah's canals
were a necessi ty for the survi val of
an agricultural community in the
arid West. The canals retain their
irrigation importance today, but a
study on the multiple uses of irrigation canals shows that other demands are being placed on these
water
life-lines:
notably
recreation. *

dents live on 5 percent of the land,
making Utah the eleventh most
urban state in the nation. Many urbanites can get away to the mountain recreational areas of the state
with little effort, but for two age
groups, Utah's children and senior
citizens, the mountains are almost
inaccessible for regular relaxation
and play. These two age groups
make up a large proportion of the
state's population and the canals
provide them with a readily accessible source of recreational
amenities.

To summer visitors of Cache Valley, water seems to be rushing
everywhere. In the canals, rolling
down curb-side gutters, flowing between stately lines of trees, the imRecreatiOlial Canal Use
pression is of coolness arrd serenity.
The study discovered that these
The study focuses on Cache Valcanals have a surprisingly high reley, Utah and distinguishes five recreational use by many segments of
creational uses of the canal system,
the Cache Valley population.
in addition to the intended uses of
irrigation and storm drainage.
Utah does not appear urban beThese
categories are: 1) passive use
cause ofthe close proximity of cities
and environmental amenities, 2) acto mountains and open land. Howtive recreation, 3) fishing and
ever, 80 percent of the state's resifisheries habitat, 4) amenity values
in public places, and 5) adjacent
*The report by James J. Kennedy and
Komain Unhanand, 1974: Multiple Uses landowner annexation of canal valof Utah Irrigation Canals: Cache County ues.
as a Case Study, is written specifically for
public consumption. Most technical information and legal review is confined to
the appendices.
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Because of the multiple uses of
the canals, there are, of course,
multiple use conflicts.

Many of the canals are a pleasure
to watch and hear, hence the pas-
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sive use and environmental
amenities. In addition, the microclimate created by the canals is
favorable to bird and wildlife populations.
Active recreation in the canal
areas includes jogging, bike riding,
fishing, and the innumerable uses
that children have for open spaces.
- Tubing represented 70 percent of
the recreation use hours surveyed in
the summers of 73-74.
Fishing and fisheries habitat is
provided by the canals that maintain a minimum water flow during
the winter months. When electroshocked to sample fish populations,
some sections of the North Field
canal yielded 2,000 brown trout, 6
inches and larger per mile of canal.
This rivals the Logan and Blacksmith Fork Rivers, both considered
to be good trout waters.
The canals of Cache Valley flow
through and are adjacent to many
public places such as city parks,
high school campuses, and golf
courses. The banks of the canals
support many shade trees that
might not survive without the water
available from seepage.

The canal companies run and
maintain the canals, which creates
benefits for the recreationists and
the land owners. Neither of these
parties pays any fees for the use of
the canals, nor for the problems
created for the canal companies. In
fact, most of what the canal companies reap from these uses is trouble. Children, not comprehending
the consequences of their engineering, build dams across the flow or
play with head gates. Tubers occasionally roll big rocks intQ the
channel to create a diversity of
water flow. Picnickers regularly
throw trash into the nearby water.

Involved in the legal tangle of
ownership is the use of canals by
adjacent landowners who often
monopolize a section of canal and
exclude the public. The study looks
at the complicated issue of canal
right-of-way access, the question of
adverse possession, and the dubious legality of restricting public use
of certain canal sections. The study
also explores the problems of liability for recreation users and its implications for canal management. **

As unaware as children can be of
the results of their behavior, canal
company officials have much less
tolerance for the actions of some
private land owners that border and
"take over" the canal banks. Landscaping, fences, and buildings
block access to the canal. The kash
contributed to the canal systems by
recreationists is insignificant when
compared to the piles of shrubbery,
grass clippings, yard trash, and litter dumped in them by land owners.
Occasionally even garbage joins the
waste floating down-stream to
plague the companies' efforts to
keep irrigation water flowing.

**Canals are often regarded with apprehenSion by parents of school-age children. The researchers tried to obtain
statistical evidence of the frequency of
drownings in canals, but the data is not
available. Police reports are made only
when there is an investigation of the

death. The overall impression of newspaper reports is, however, that canals are
involved in the accidental death of very
young children who also drown in gutters
and curbside flows. Rarely is the death of
a school-age child reported relating to
play along or in an irrigation canal.

Blocking Canals
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Because of the multiple uses of
the canals, there are, of course, multiple use conflicts. The adjacent
landowners who fence off sections
of the canals and canal rights-ofway will obviously conflict with recreationists and, quite possibly, the
law. The canal companies have
their share of troubles with both the
recreation users and the private
landowners. These relationships
are an important consideration of
the study.
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Tuber Traps

Depending on the location of the
canal section, some owners of adjacent property may be able to legally
claim ownership by Adverse Possession, but it is still a misdemeanor
to place an obstruction across a
canal or water course without permission of the canal company.
Since some of these obstructions are
designed as tuber traps, this again
raises the question of liability if
someone should succeed in trapping a tuber. Possibly, cooperative
agreements between canal companies and public agencies might
shift some of the management and
maintenance responsibility to the
public. At present, all the companies garner are negative costs.
The report notes that some western communities have coordinated
the recreational and irrigation uses
of their canals and rivers in city and
county limits to provide safer and
better management. The Highline
Canal, owned by the Denver Water
Board, has been managed under a
cooperative agreement with suburban Denver communitie$ to provide
controlled recreation opportunities
along 100 miles of its length. On the
right-of-way of the California
Aqueduct, a bike trail was opened
in 1972 and received such enthusiastic public response that
plans were revised to provide public recreation along 450 miles of its
length.
Interested citizens have worked
together with canal companies and
public agencies in other communities to relieve the companies of
the headaches of canal recreation
and improve recreation opportunities and safety. Utah communities are fortunate in having all
of this recreational open space
through residential areas in an arid
state. Unless some action is taken to
assist the canal companies in managing the use and abuse of Utah's
canals, however, Utah residents
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may expect to see more canals disappear under concrete covers or
fenced with No Trespassing signs.
The loss to the residents of the canal
communities and their children
would be immeasurable and a unique part of historical Utah would be
gradually forgotten. . . its water
life-lines.

James J. Kennedy is Assistant Professor
of Forestry and Outdoor Recreation, College of Natural Resources, USU.
Suzanne Morgan in a graduate student in
Forestry, College of Natural Resources,
USU.

Science Shorts
Some Consequences of
Wh ittling

wood in twigs of aspen, birch, and
basswood. He also included more
shad scale and some samples of lilac
in this second series of experiments.

Contrary to popular opinion and
Variations occurred among the
most textbooks - photosynthesis
doesn't occur only in plant leaves plant species and between first-year
and bark. This food-producing pro- and older wood. But the wood from
cess also operates in the wood of most species studied did photosyntwigs from trees such as aspen, thesize to some extent.
birch, and basswood and of shrubs
such as lilac and shadscale.
It looks as if chlorophyll in wood
is an opportunistic use of an existHow do we know this? Well, in ing structure for a secondary functhe case of shadscale, it began with a tion. The chlorophyll-bearing wood
field trip to a salt desert of the Great may not do a substantial amount of
Basin, combined with some stem photosynthesizing, but it is perenwhittling between bus stops. A USU nial and its potential exists on a
botanist, H.H. Wiebe, and several year-round basis while the leaves of
graduate students were intrigued by deciduous trees are at work only a
the green tissue that whittling re- few months before they fall.
vealed in shadscale stems. Since
green in plants usually indicates
Photosynthesis by wood and bark
chlorophyll - and the presence of of twigs may be especially useful to
chlorophyll usually correlates with deciduous trees and shrubs in the
photosynthesis - some laboratory warm, long days of spring when
experiments were started to deter- their bud burst and leaf growth acmine just what was going on in the tivities are using alot of energy.
shadscale stems. By using radioac- Wood-generated food could be a
tive carbon dioxide and different significant factor in a plant's welldegrees of light (another essential being during that time.
ingredient of photosynthesis), the
scientists discovered that photosynProof or disproof of such conjecthesis in the woody tissues was de- ture will have to wait further experfillitely contributing to shad scale's iments. In the meantime, a desert
total food supply.
field trip and some casual whittling
have already led to new know ledge
Spurred by these results, Dr. about where some trees and shrubs
Wiebe decided to check on the manufacture their food supplies.
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WHERE THE ACTIOM 151
B. Delworth Gardner and
Lois M. Cox
Is it true that most people want to
be where the action is? Well, if the
action you have in mind is
economic - the answer seems to be
a resounding "yes." Anyone who
feels compelled to work for a living ,
of necessity, has to put himself
where the jobs are.
With these more or less selfevident truths as a basis, two USU
economists (N.A. Taqieddin and B.
Delworth Gardner) decided to
evaluate the relationship between
the distribution of direct federal
employment and that of total employment and population within
Utah. Since the involvement of federal government in social and
economic functions now pervades
the entire nation, their results and
conclusions may have implications
well beyond the borders of Utah.
Federal Expenditure Trends
During and after World War I,
federal expenditures increased only
gradually. In the late depression
years these expenditures rose
rapidly, reaching new annual highs
during and after World War II. With
the Viet Nam conflict, annual federal budget increases achieved unprecedented levels. President Ford
proposed a federal budget of nearly
350 billion dollars for fiscal 1976 an all-time high.
Naturally, the federal monies
were not spread evenly across the
nation, nor within the states. In
Utah, which received $1.15 billion
of federal funds in 1970, some areas
are growing rapidly, some are lagging and some are declining. Since

74

the federal government ranked fifth
among eleven broad categories of
employers in the state in 1970, it is
reasonable to expect federal spending to be affecting the distribution
of pop}llation and economic activity in Utah. The question is how
much influence is exerted by Utah's
300 federal programs?
Choosing Methods
Before they could begin to answer
that question, the USU investigators
had to solve some concept and definition problems. The details of
that process are given in USU Bulletin Number 493. In essence, they
had to decide on a practical measure
of economic acti vity, choose a
specific time period, and define logical geographic boundaries.

were essential to the interpretation
of their results.
Basic employment: determined
by external demand for an area's
exports. An additional job in this
sector creates demand for the service sector and starts rounds of demand in both sectors.
Service employment: generated
by the magnitude of basic employment.
Total area employment: the sum
of basic and service employment.
Employment multiplier: the
number that provides a measure of
total employment when multiplied
by basic employment.
Employment Effects

They chose employment data
(average annual number of jobs) as
an acceptable measure of economic
activity. The time period used was
the 1960-1970 decade. The geographic areas were Utah's 29 counties and the eight Multi-County Regions (MCRs) outlined by Sherman
Fitzgerald in 1970 (see Figure 1). To
a considerable extent, their task was
simplified by Utah's relatively
self-contained labor economy. The
Wasatch Front (Utah, Salt Lake,
Davis, Weber, Box Elder, and Cache
counties) constitutes the major
industrial-urban area, while the rest
of the state is a supporting hinterland - with little labor commuting
either into or out of the state.
In the course of their preliminary
work they derived certain definitions for terms and concepts that

As the investigators began to organize and interpret their data, they
found that the size of the calculated
employment multiplier (as listed in
Tables 1 and 2) gave them an indication of the balance and diversity
among industry types within a local
economy. For example, the most
populous and most industrialized
counties (Salt Lake, Utah, Weber)
and MCRs had the largest multipliers . By contrast, Davis and
Tooele, with over 5 percent of their
employment attributable to the federal government, had the smallest
multipliers.
Using statistical procedures, they
also derived regression coefficients
that revealed time trends. These
calculations showed that, overall,
most Utah counties and MCRs had
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Table 1. Impact of federal employment on the distribution of total employment among Utah counties over the
eeriod 1960-70.
Federal Employment

Total Employment
County

1960

1970 AT1

(60-70)

1960

1970 AP

(60-70)

(- )

120
1,710
3,190
340
70
10,800
180
410
80
300
770
100
60
120
90
40
150
47,740
1,210
180
200
60
3,610
0
10,550
410
960
70
7,820

55
552
227
123
109
12,789
91
47
81
28
112
37
28
77
14
15
18
5,093
64
100
136
47
3,290
239
510
42
145
30
3,967

47
564
343
170
77
17,758
156
60
106
81
171
43
42
89
17
13
18
5,696
94
98
164
51
5,543
274
601
42
153
46
6,364

(- )

8
12
116
47
32
4,969
65
13
25
53
59
6
14
12
3
2
0
603
30
2
28
4
2,253
35
91
0
8
16
2,397

81 ,766

28,066

38,881

Beaver
Box Elder
Cache
Carbon
Daggett
Davis
Duchesne
Emery
Garfield
Grand
Iron
Juab
Kane
Millard
Morgan
Piute
Rich
Salt Lake
San Juan
Sanpete
Sevier
Summit
Tooele
Uintah
Utah
Wasatch
Washington
Wayne
Weber

1,460
1,340
10,930
9,220
14,130
10,940
3,770
3,430
260
330
36,540
25,740
2,480
2,300
1,720
2,130
1,410
1,490
2,460
2,760
3,880
4,650
1,700
1,889
900
960
2,630
2,530
650
980
460
420
600
450
154,970 202,710
3,710
2,500
3,740
3,920
3,750
3,950
1,746
1,800
6,350
9,960
4,440
4,440
31 ,730
42,280
1,710
2,120
3,240
4,200
580
510
43,320
35,500

TOTALS 3

324,594

(- )
(- )
(-)
(-)

(- )
(- )

(-)
(- )
(- )
(- )
(- )

(-)

(- )

406,360

(- )

(- )

(- )

Federal
Impact
60-70

Average
Multiplier
60-70
2 .6063
2.6692
2 .8485
2.2910
1.6177
1.9114
2 .2684
1.7878
2.2877
2.2943
3.0086
2.4714
2.4470
2.1327
2.3562
1.7096
1.6851
4.6558
2.0791
2.2855
2.6957
2.8459
1.6518
2 . ~727

4 .2266
2.5408
2.7422
1.6976
3.1~11

(-)

(- )

(-)

(-)

21
32
330
108
52
9,498
147
23
57
122
177
15
34
26
7
3
0
2,507
62
5
75
11
3,722
83
385
0
22
26
7,481

Summary
Impact
Decline enhanced
Decline slowed
Growth enhanced
Decline slowed
Decline enhanced
Growth enhanced
Decline slowed
Decline slowed
Decline slowed
Growth enhanced
Growth enhanced
Growth enhanced
Decline slowed
Decline slowed
Growth enhanced
Decline enhanced
No impact
Growth enhanced
Decline slowed
Growth slowed
Decline slowed
Growth enhanced
Decline prevented
Decline prevented
Growth enhanced
No impact
Growth Enhanced
Decline slowed
Growth enhanced

25,169 Growth enhanced

10,815

Source : Total and Federal Employment - Utah Department of Employment Security.
1 Change in total employment.
2 Change in federal employement.
3Totals under Total Employment may not agree, due to rounding in the original data.

Table 2.

Impact of federal employment on the distribution of total employment among Utah's MCRs during
1960-70.
Total Employment

MCR
1
2
3
4
5
6
7
8
TOTAL3

1960

1970

22,470
23,800
60,130
78,840
163,060 214,470
33,440
44,400
7,250
7,010
14,070
12,410
13,080
12,930
11 ,030
12,500
324 ,530

406,360

AT1

(- )
(- )
(- )

Federal Employment
AF2

(60-70)

Average
Multiplier
60-70

(60-70)

1960

1970

1,330
18,710
51 ,410
10,960
240
1,660
150
1,470

797
16,770
8,430
552
439
262
395
421

925
24,139
11 ,290
643
507
405
453
519

128
7,369
2,860
91
68
143
58
98

3.1936
3.1308
4.7075
4.3054
2.4126
2.4997
2.7413
3.2559

81 ,830

28,066

38,881

10,815

(3.5445)

Federal
Impact Summary
60-70 Impact
409
23,071
13,463
392
164
357
159
319

Growth enhanced
Decline prevented
Growth enhanced
Growth enhanced
Decline slowed
Decline slowed
Decline slowed
Growth enhanced

38,334 Growth enhanced

Sources: Total and federal employment - Utah Department of Employment Security
1Change in total employment
2Change in federal employment
3Totals under Total Employment may not agree, due to rounding .
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better-balanced economies in 1970 Iron, Juab, Morgan, Salt Lake,
than in 1960.
Summit, Tooele, Utah, Wasatch,
Washington, and Weber counties
Next, the economists estimated (most of which are largely urhow much of the employment banized). Most of the expansion in
change in each county and MCR Davis and Weber counties and all of
was associated with changes in fed- it in Tooele County was associated
eral employment (Tables 1 and 2). with increases in federal employAlthough the data in the two tables ment. (These three counties have
lead to different estimates of the ttl- relatively high employment in
timate impact of changes in federal defense-related industry.) Federal
employment, they provide rela- impact was less spectacular, altively consistent conclusions re- though substantial, on the growth of
garding the "direction" exerted by Grand, Iron, and Juab counties, in
such changes. When federal em- that order.
ployment fell, an employment deOnly small proportions of the
cline was enhanced or a growth
trend was slowed. When federal growth in other growing counties
employment rose, either a decline were induced by an expansion of
was slowed or growth was en- direct federal employment. Employment in all such counties (espehanced.
cially Cache, Salt Lake, and Utah)
Among counties that experienced would have increased even without
an employment decline, only in one positive changes in federal direct
(Daggett - a very isolated county employment. Interestingly, each of
with very low total employment) the three counties mentioned has a
did the contraction in federal em- large uni versi ty.
ployment seem to be the primary
In terms of MCRs (Table 2), the
factor in reducing total employment. In most other declining coun- impact of change in federal emties, federal employment oppor- ployment on total employment in
tunities helped (in varying propor- the MCRs that experienced growth
tions) to check the decrease in job varied significantly from one area to
availabilities. This was the case in another. Federal employment con~
Box Elder, Carbon, Duchesne, tributed very Ii ttle to the growth of
Emery, Garfield, Kane, Millard, San MCR 4 (which includes Utah
Juan, Sevier, and Wayne counties. County and lacks any large
All of these are rural, agricultural defense-related facilities). On the
counties, although Box Elder has other hand, all the growth in MCR 2,
some manufacturing and Carbon which includes Davis and Weber
some mining employment. The counties and Hill Air Force Base,
change in total employment in each was associated with growth in fedof these counties would have been eral employment. The employment
more negative without the influ- growth in MCRs 1,3, and 8 was enence of federal employment.
hanced by increases in federal employment. The impact on MCR 3
With the exception of Sanpete was mainly due to a heavy concentCounty (an agricultural county) all ration of federal job opportuni ties in
counties that experienced a positive Tooele County. In absolute terms,
change in overall employment, also MCR 3 experienced the greatest exexperienced a positive change in pansion in total employment
federal employment. And in San- among all MCRs. Constituting espete, the negative change in federal sentially the Salt Lake metropolitan
employment was practically neglig- area, this MCR is growing rapidly,
ible. The prevailing positive pattern and federal employment merely
occurred in Cache, Davis, Grand, contributed to this growth. About
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95 percent of the total impact of
changes in federal government employment throughout the state occurred in MCRs 2 and 3 (mainly in
Davis, Salt Lake, Tooele, and Weber
counties).

Population Distribution

After determining the effects of
federal employment on local overall
employment, the USU economists
turned their attention to its effects
on population distribution.
The impact of federal employment on population varied widely
among counties (Table 3). Federal
employment declined only in four
counties during the period and
these four counties also had declining populations. The federal contribution to this negative change,
however, was considered relatively
small. In 23 counties, federal employment increased during the
period and contributed posi ti vely to
county populations. In the remaining two counties it had no impact.
In absolute terms, the greatest
positive impacts were in Davis,
Weber, Tooele, and Salt Lake counties, in that order. In percentage
terms, the greatest impacts were in
Duchesne, Tooele, Weber, Grand,
Davis, and Juab counties in that
order. All of these counties experienced positive changes in population during the period.
Whether federal employment was
judged to have augmented or
thwarted growth in the resident
population of each county depended on whether the changes in
total population and in federal employment were parallel or divergent. Where the calculated percentage exceeded 100 (see the last
column, Table 3) the implication
was that employment in other sectors declined during the period. The
change in population attributable to
federal employment would then
surpass the actual change in total
population.
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Table 3. Federal impact on population changes derived from federal impact on employment in Utah counties
during 1960-70

County
Beaver
Box Elder
Cache
Carbon
Daggett
Davis
Duchesne
Emery
Garfield
Grand
Iron
Juab
Kane
Millard
Morgan
Piute
Rich
Salt Lake
San Juan
Sanpete
Sevier
Summit
Tooele
Uintah
Utah
Wasatch
Washington
Wayne
Weber
TOTAL

Change in
Population

531
+ 3,068
+ 6 ,543
- 5,488
498
+ 34,268
+
120
409
420
+
343
+ 1,382
23
246
878
1,146
272
70
+ 75,572
+
566

77
462
+
206
+ 3,677
+ 1,102
+ 30,785
+
555
+ 3,398
+
245
+ 15,534
+ 168,646

About 40 percent ofthe total positive change in the state's population
(168,646 people) seemed to be associated with increases in federal
employment (the final row and column of Table 3).
Parallel results can be read from
Table 4. Federal employment
changed positively in all MCRs. Six
of the MCRs experienced a positive
change in population , while two
declined. Hence, federal employment contributed to a positive increase in six MCRs and slowed a
decline in the other two. All the increase in MCR 2 (which includes
Davis and Weber counties) was as-
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Average
Population/
Job Ratio

2.673
2.536
2.966
2.965
2.811
2.667
2.718
2.532
1.975
2.412
2.577
2.411
2.414
2.669
3.452
2.731
2.974
2.264
2.892
2.455
2.517
2.917
2.369
2.708
3.094
2.647
3.008
2.788
2.861

Employment

21
32
330
108
52
9,498
147
23
57
122
177
15
34
26

Federal Impact
Population
Number
Percent

- 10.5

56
81
+
979
+
320
146
+ 25,331
+
400
+
58
+
113
+
294
+
456
+
36
+
82
+
69
+
24
8

+ 15.0
+ 5.5
29.3
+ 74.0
+ 333.0
+ 12.4
+ 21.2
+ 85.7
+ 33.0
+ 61.0
+ 25.0
+ 7.3
+ 2.1
2.9

11
+ 3,722
+
83
+
385

+ 6,355
+
179
12
+
189
+
32
+ 8,817
+
225
+ 1,191

+ 8.4
+ 31.6
- 15.6
+ 29.0
+ 15.5
+ 239.8
+ 20.4
+ 3.9

+

+

+

+
+
+
+
+

+
+
+
+

+
+
+
+

7
3

o
+ 2,807
+
62
5

+

7

+

o

+

o

o

+ 2.6

o

o

22
+
26
+ 7,481

66
+
72
+ 21 ,403

+ 22.7
+ 137.8

+ 25,169

+ 66,550

+ 39.5

sociated with increases in federal
employment. Except for the federal
influence, the total population of
MCR 2 would have declined during
the study period. Federal employment had its least impact in MCR 4,
which includes Utah and Wasatch
counties (and no large federal government establishments). If the
MCR data are assumed to be more
valid than the county figures, over
59 percent of the state's increase in
total population was associated
with increases in federal employment.
Federal employment played an
undeniably important role in dis-

1.9

tributing employment opportunities and population within
Utah from 1960 through 1970. In a
few counties and MCRs , federal
employment was associated with
all or most of the changes in employment and population. In the
remaining areas , the impact of federal employment ranged from negligible to relatively high.
Between 31 and 47 percent of the
increase in total state employment
during 1960-1970 was associated
with increases in federal employment. Similarly, between 40 and 60
percent of the total rise in state
population during the decade can
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Table 4. Federal Impact on Population Changes Derived from Federal Impact on Employment in Multi-County
Regions of Utah During 1960-1970.

MCR

Population

1
2
3
4
5

+ 9,541
+ 50,948
+ 79,455
+ 31,340
+
724
4,988
1,957
+ 3,583
+168,646

6
7

8
Total
Sources:

Average
Population/
Job Ratio
2.758
2.792
2.275
3.071
3.718
2.761
2.531
2.630

Employment

Federal Impact
Population
Number

Percent

409
23,071
13,463
392
164
357
159
319
38,334

1,128
64,414
30,628
1,204
446
986
402
839
100,047

11.8
126.4
38.5
3.8
61.6
16.5
17.0
23.4
59.3

Population data - Based on U.S. Bureau of the Census, Census of Population, 1970.
Average Population/Job Ratio - Calculated on the basis of labor force data from Utah Department of
Employment Security and Census population data.
Federal impact on population - Calculated as the product of federal impact on employment and the
corresponding population/job ratio. The percentage impact is calculated by dividing the changes in total
population into the number on employment and the corresponding population/job ratio. The percentage
impact is calculated by dividing the changes in total population into the number of people affected by
changes in federal employment.

be ascribed to growth in federal employment.

in federal employment to estimate
changes in total employment. In
some situations such an assumption
would be unrealistic. But the proportion of Utah employment furnished by the federal government is
so much above the national average
for states that the assumption did
not seem likely to seriously distort
their results.

Certainly, the employment decisions of the federal government
were closely associated with Utah's
1960-1970 economic and population growth or decline trends. This
doesn't necessarily mean, however,
that changes in federal employment
caused the growth or decline
trends. While some federal emFederal Versus Nonfederal Jobs
ployment is basic and therefore
stimulates service employment opMany people in Utah argue that
portunities, other federal employ- the state's economy is already overment follows basic employment burdened with federal employment
growth and is itself service and that nongovernmental emporiented. An example of the first loyment should be increased. For
type is national defense employ- better or worse, the results of the
ment; an example of the second is USU analysis do not imply anypostal service employment. The thing about the desirability of govUSU economists, however, to facili- ernmental vs. nongovernmental
tate their analysis, assumed that all employment. This is a manyfederal employment was basic and faceted question. Federal jobs are
that their employment multipliers generally relatively high-paying
could be validly applied to changes jobs. But their permanence is often
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suspect because they depend ultimately on agency location decisions and Congressional appropriations. Jobs in the private sector,
however, are also subject to arbitrary decisions.
Whether federal jobs should or
should not be "courted" as a general
policy, to the possible neglect of the
private sector, cannot be answered
unequivocally. Each specific set of
circumstances has to be analyzed in
its own social, economic, and environmental context. And in each
case, the analysts must take into account the hazards implicit in their
unavoidable assumptions and their
arbitrary choices among measurement tools and theories.
B. Delworth Gardner is Professor and
Head of the Department of Economics,
College of Business, USU.
Lois M. Cox is Science Writer for the Agricultural Experiment Station, USU.
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AN INSIDE STORY
Lois M. Cox and Lynn F.
James
My friends and I live in the rumen
of a Hereford cow. We could just as
well live in the rumen of some other
animal that has a complex stomach.
For that matter,lots of our close relatives live in the colons of simplestomached animals such as human
beings.
At any rate, living where we do,
we rumen microbes have no control
at all over what we get to eat. We
have to take whatever comes in and
do the best we can with it. Now usually that presents no problems. Our
cow eats grasses or shrubs and we
go to work breaking down the
leaves and stems into amino acids,
carbohydrates, vitamins, and such.
If it weren't for us, our cow wouldn't
be able to keep herself going, to feed
her calf, or, during good times, to
build more muscle and' fat in her
own body. And you human beings
would be mighty hard up for beef,
lamb, and milk - not to mention
leather and wool.
There are plenty of times when
the going is complicated and even
downright dangerous. That's why I
think we're unappreciated - that
our versatility is too much taken for
granted.
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Consider what happened just a
couple of weeks ago, when our cow
suddenly began sending us halogeton to process along with her regular food. Luckily, she only gave us
small amounts each day at first, and
our population was high since she'd
been keeping her stomachs relatively full. Hundreds of us were
available to concentrate on degrading the sodium oxalate in the
halogeton. Result: by the tim.e she
was sending us lots of halogeton per
day, we were geared up to detoxify
it and we kept her from getting sick.
We'd been into an even worse
situation earlier when our cow got
to eating Tansy ragwort. (I'll never
understand why she likes such
stuff!) Tansy ragwort contains alkaloids of the pyrrolizidine class
and we can't do very well with them
over a long haul. In fact, if our cow
hadn't moved on to different food
within a few days, her liver would
probably have been damaged despite all we were doing to try to detoxify the alkaloids.
Too, we sometimes inadvertently
tend to commit a sort of suicide. I
remember one series of days when
our cow was giving us urea. Now
that would have been OK except
that she neglected to include much

Uta~ State University is an equal opportUnity employer. All programs are available to everyone regardless of race
c~/~r, religion, sex, age, or nationai
of/gm.

in the way of high-energy food such
as grain. So, when we did what
came naturally - hydrolizing the
urea into ammonia - we got into
quite a bind. Without a good energy
source, we couldn't multiply very
fast, and as a result, the ammonia
began to build up to dangerous
levels. The only reason we're still
around is that our cow quit sending
us the urea.
We had another close call recently when we suddenly began
getting almost nothing but sugar
beet tops. Normally we have no objections to sugar beets - but getting
them in such quantities and all by
themselves meant trouble. My
friends and I had no choice but to go
intn our "reducing act" - taking
the nitrates to nitrites and the nitrites to ammonia. Within a couple
of days our cow was feeling pretty
sick and we were wondering how
long she'd hold on. Right then,
thank goodness, she started cutting
back on the sugar beet tops and instead sent us mostly alfalfa hay and
even some grain. What a relief!
On the other hand, we're quite
good at processing insecticides. For
instance, we easily convert parathion to an excretable form before it
does our cow any damage. We do
about the same thing to carbamates.
DDT presents a more complicated
problem - but we do metabolize it
(or its derivatives) well enough to
keep our cow healthy.
Now, all in all, and allowing for
the many examples that I haven't
given - -don't you agree that I've
reason to feel that my friends and I
aren't getting our due recognition?
~ois M. Cox is Science Writer for the Agricultural Experiment Station, USU.

Lynn F. James is a Federal Collaborator
for ARS and the College of Veterinary
Science, USU.
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